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(57) Abstract: A method and system for data transmission 
where data is encoded in a number of messenger modules 
(90) that are physically transported by a natural or artifi- 
cally created fluid flow (88) or in a slurry from one loca- 
tion (94) to one or more other locations to transmit data. 
In a specific embodiment, the invention is directed to the 
use of such messenger modules for continuous, quasi-con- 
tinuous or time-dependent transmissions between surface- 
based equipment and a logging tool placed in a borehole 
and vice-versa, or between various locations in the bore- 
hole. 
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METHOT) AND APP AItATtTS FOR TRANSPORTING DATA 



1. fflELP OF THE INVENTION 
lUs invention zdates generally to data transmission and moie particularly to systems and 

5 mefliods for encoding data in a number of messenger modules that are physically tranqjorted by a 
fluid flow or in a slurry stream ftom one location to one or more oth^ locations to transmit flie 
data. In a specific embodiment, flie invention is directed to the use of such messaigCT 
continuous, quasi-continuous or time-dependent data transmission between surfece-based 
equipment and a logging tool placed in a borehole and vice versa, or between various locations in 

10 die borehole. 

2. RAnCGRQUND OF THE INVENHQK 
In many applications it is of interest to comrmmicate to a user infbrmati(Mi obtamed at 
various remote locations. Examples pertinent to this disclosure include evaluating the flow of 

1 5 fluids, raonitorii^ dianges in physical conditions over time, effectively comraunicaling between 
several locations, and the Ufce. To provide such communicafions, it is not always possible or even 
economically reasonable to lay down vwied links or use wireless cramections due to ragged 
tenain, desired reliability, or attenuation of electromagnetic or acoustic signals. For example, sites 
that are exposed to significant moisture may strongly attenuate radio-fiequency signals. It may 

20 suT^jly be prohibitively expulsive to provide a reliable and fast communication of infonnation fiom 
a borehole in various applications, including oil, and natural gas exploration, analyzing core 
sarr9}les, and oAers. The challei^es in establishing and maintaining reliable conmmiications are 
well known problems in flie arts of borehole (frilling and logging, whidi are used in this plication 
as primaiy illustiative examples. 

25 Thus, in well logging applications it is desired to map out and understand the structure of 

the fbrmation(s) surrounding a borehole. The required infonnation is available firom various 
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logging tools Aat measuie different physical, chemical, electrical and oOier paiameteis of the 
fonnation, which have well-known inteipretations. However, it is quite diflScuIt to obtain quickly 
and reliably such information directly fiom the tools using standard communication channels. This 
is because of the significant challenges to establishing and matntainj ng , for e7can9}le, a wire-based 
communicati on channels between the tool in the borehole and the surface in the extreme conditions 
of heat, pressure and mechanical wear and tear of a typical borehole environraenL 

Geologists and geophysicists are interested in the geological formations encountered 
during drilling. Tedmiques such as '•Measurement-While-Drilling" or **Logging-While- Drilling" 
CMWD" or **LWD", respectively) fecilitate collection of data by means of tools mounted on a 
drill string immediately above flie drill bit The collected data is typically sent to flie surface by 
transmissions via radio-frequency, acoustic waves and mud pulsers. All of ttiese techniques are 
severely limited by the distances over which data needs to be transmitted and the available 
bandwidth. Siinilardifificdties attend flie use of shuttles that are sent with the help of a 
flushed down to dock and collect data from flie tools and return wifli flie information in deep wells, 
such as tiie exemplary borehole described next 

FIG. 1 illustrates a mud pulsing system and tiie environment presented by boreholes in 
general Drilling rig 10 (simplified to exclude items not important to this application) comprises 
derrick 12, deirick floor 14, draw worics 16, hook 18, swivel 20, kelly joint 22, rotary table 24, 
drill string 26, drill coUar28, LWD tool 30, LWD tool 32, anddriU bit 34. While two LWD tools 
are shown, any nunaberofsuch tools could be inchided. Mud is injected into swivel 20 by mud 
siq^ly line 36 and traveb through kelly joint 22, through a passage in driD string 26, flirough drill 
collar 28, through LWD tools 30 and 32, and finaUy exits tiirough ports in drill bit 34. Nex^ mud 
flowsi5)theannuhisofborrfiole38. Mud return line 40 returns mud fiom borehole 38 and 
circulates it throngji mud screen 42. Mud screen 42 separates waste from flie mud, which is 
dumped into waste receptacle 44 followed by circulation of mud through ancillary equipment 46 
inchiding sand traps and degassers. The mud fiom ancillary equipment 46 eirqities mto mud pit 
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48. Mud pmp SO pumps mud out of mud pit 48 and returns it to the borehole 3 8 via mud return 
line 36. 

Traditionally, data collected by LWD tools 30 and 32 is returned to the surface for 
analysis usizig a mud pulsing system. Telemetry transmitter 52 located in drill collar 28 or in one of 

5 the LWD tools, collects data fiom the LWD tools and modulates the data onto a carrier 

transmitted through the mud as acoustic vibrations. Telemetry sensor 54 on the surface detects 
the carrier and forwards it to demodulator 56. Following demodulation computing equipment 60 
anal^^zes the data to extract geological information and drilling parameters or weU parameters 
including accuracy estimates. 

10 In a similar arrangement shown in FIG. 2, after the well has been drilled, wireline tool 62 is 

lowered into borehole 38, suspended by electrical cable 64. Another existing data transmission 
system utilizes "shutdes." A shuttle is sent downhole via a wireline or it is flushed downhole. The 
shutde makes a temporary, and most of time physical, connecticm with the downhole device and 
data is read into die shuttle memory. The shutde is then pulled or flushed out and the data is 

1 5 retrieved ibr processing. This method, however, is not always a viable option, as wireline 
deployment and reverse flushing of the shuttle are not always operational options. 

In view of the above, it is apparent that in the ever-deeper boreholes in many current 
applications die actual bandwiddi of a channel corresponding to mud pulsers is limited, as well as 
suscq^tible to failure. Similarly, using radio-frequency (RF) communications is con:Q3romised by 

20 the attenuation due to the presence of water, metal and rock. Providing reliable wired connections 
for sbutdes is impractical in view of the great depths encountered in drilling operations, and die 
limited range of such conmiunications. 

Thus, as exenq)lified in die case of well logging considerable diallenges still exist in the 
area of providirig robust conmiunications in tugged environments where traditional conmiunication 

25 mechanisms are impractical or difficult to implement Other practical applications that can benefit 
fipom unproved communications include, without limitations, monitoring coolant systems, p^ 

-3- 
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based fluid distribution systems, and monitoring the status of other fluid-based environments, such 
as lakes, rivers, and otfa^ 



3. sSTJMMARY Qf TBPE nWENDtON 

S In accordance with the present invention, deficiencies associated with the prior art aze^ 

overcome using a number of ismaD-size memory modules, used as ''messengers" - flius refmed to 
as messenger modules. Messenger modules are used to load the desired infomiation in memoiy. 
A naturally occuning or artifidally created fluid flow then carries &e messenger modules ^dth the 
information loaded to one or more receiver locations, vdiere the information can be unloaded, 

1 0 decoded (if necessary) and sent for furtiier processmg. In applications where the information 
source generates substantial amounts of data, or if tiie-data is generated over a period of time, tiie 
corresponding data stream is partitioned into short messages that can be loaded into successive 
groi^ of messenger modules. At the receiver, the ori^nal data stream, as well as additional 
infonnation, such as the geographic origin of each message and die time it was generated, can be 

1 S restored using time stamping, message numbering or other indexing ^biuques. In a preferred 
enibodiment, die messenger modules of tiiis invention are inexpensive, making it economically 
feasible to use redundant modules to ensure reliability of the communication links. 

More specifically, in one aspect the invention is a raetiiod for data transmission in a 
borehole comprising: collecting data regarding properties of at least one material; imparting 

20 collected data for storage into a phuality of messenger modules widiin die borehole, the messenger 
modules transported via a fluid flow fix)m a first location to a second location; collecting messenger 
modules in the fluid flow widiin tiie borehole; retrieving data stored in tiie collected messenger 
modules; and processirig the retrieved data. In various embodiments the metiiod is practiced u^ng 
a measurement tool, such as neutron, density, sonic, resistivity or nuclear magnetic resonance 

25 (NMR) logging tool, acoustic imaging tool, direcdonal sensors, mechanical tools, mdustrial tools 
and others. In various embodim^ts tiie step of imparting comprises one or more of. 
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electromagaetic, optical or acoustical data transmission to at least one messengec module. 
Further, at least some messeng^ modules may comprise a housing configured to protect &e 
memory and the transducer, and may also have physical dimensions enabling the messenger 
module to be canied in a fluid flow. In specific embodiments a signal may be used for powering 

5 an on-board electronic circuit mat least one offlie messenger modules. 

In anoQier aspect, the invention is a mediod for operating tools deployed in a borehole, 
which comprises the steps of, providing a sequence of instmctions concerning a desired operation 
of a tool in the borehole; impartmg the generated sequence of instructions for storage into one or 
more messenger modules, the messenger modules having dimensions enabling them to be canied 

10 in a fluid flow within the borehole; releasmg the one or more messenger modules with stored 
instmctions in a fluid flow within the borehole, the patii of the fluid flow carrying such messenger 
modules near the tool; retrieving messenger modules released m the fluid flow at the tool; 
extracting the generated sequence of instmctions fiom one or more messenger modules retrieved 
at the tool; and programming the operation of tiie tool to conform wifli the provided sequence of 

IS instmctions. 

In another aspect, die invention is a method for gathering data regarding material(s) inside 
or surrounding a borehole comprising: providing a phuali^ of messenger modules having 
dimensions enabling them to be carried in a fluid flow witiiin the borehole; gathering data 
concemmg properties of die formation using one or more sensors located in a messenger module, 

20 and storing the gathered data in the messenger module; collecting one or more messenger modules 
whh stored data in the fluid flow wifliin flie borehole; retrieving data stored in the collected 
messenger modules; and processing die retrieved data to determine properties of the geologic 
formation surrounding the borehole. 

hi yet another aspect, die invention is a data transmission system, comprising: a plurality of 

25 messenger modules for storing data, ttie messenger modules having physical dimensions enabling 
them to be carried in a fluid flow; and at least one reader responsive to a member of the set 
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ooDsisting of electtomagnetic signal or acoustic sigpal, positioned in aiired^ennined fluid flow 
path, die reader configured to receive data stored in a mess^ger module ftat is earned by the 
fluid flow near die rsader. 

In yet anodier aspect, the invention is a messenger module having a phoality of circuits for 
5 use in a data transmission system assisted by a fluid flow, die messenger module conq)rising; a 
memoiy for storing data; a receiver for receiviiig data flom an external source; a transmitter for 
providing data to an external sink; a housing; and at least one sensor for detecting die external 
sink. 

In anoflier aspect, the invention is a system for transmission of data in aboiebole 
1 0 comprising: a plurality of messenger modules storing data, the modules having physical dmiensions 
enabling them to be carried in a fluid flow; a data transmission device recehing fluid flom die fluid 
flow, die device capable of loading data to messenger modules located in its vidnity; a receiver 
collecting data stored in messenger modules and transmitting the collected data for processing. 

Additional aspects of the invention are discussed below in die detailed description 
15 of the preferred embodiments. 

4. p WgF pgsCRimOW or TBE PMwywgS 

FIG. 1 depicts a data transmission system employing mud pulsers; 
FIG. 2 depicts a data transmission system utilizing a wireline tool; 
20 FIG. 3 is a block diagram depicting die padi of die messenger modules from above die 

sur&ce to below the surface and vice v^sa, according to die present invention; 

FIG. 4 depicts the interaction of die messenger modules with LWD tools on a drill string in 
the depdis of a borehole; 

FIG. 5 is a cross-sectional view of a LWD tool according to die present invention; 
25 FIG. 6 depicts the separation of die messenger modules fiom the mud stream inside a 

LWD tool, and subsequent transmittal/receival of data to and fix)m die messenger modules; 

-6- 
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FIG. 7 is a block diagram depicting fee internal circuitry of the messenger module 

transmittecteceiver, 

FIG. 8 is a block diagram depicting Ae internal drcuitcy of the memory component in the 
messenger module transmittec^eceiven 
5 FIG. 9 is a block diagram depicting flie internal circuitry of die transmit^r/receiver in the 

messenger module transmitter/receiver; 

FIG. 10 is a flowchart iUustrating the process by which die data collection controller 
changes from transmit mode to receive mode; 

FIG, 1 1 is a block diagram depicting Ac internal circuitry of flie data collection controller 
10 in fee messenger module transmitter/receiver, 

FIG. 12 shows the internal circuitry and shape of the messenger module; 
FIG. 13 is a top plan view ofthe messenger module; 

FIG. 14 is a block diagram depicting flie internal circuitry of flie messenger module; 
FIG. 15 is a block diagram depicting the transmittal and receipt of data by the messenger 
IS module; 

FIG. 16 is an alternative embodiment of the present invention, depicting flie separation of 
the messenger modules fiom the mud stream inside a LWD tool using a capture device or gate, 
and subsequent tcansmittal/receival of data to and fiom the messenger modules; 

FIG. 17 depicts the messenger module in tiie alternative embodiment of FIG, 16; 
20 FIG. 18 depicts die interaction between the messenger module and the spring- loaded 

contact in the alternative embodiment of Figs. 16 and 17; 

FIG. 19 is a block diagram ofthe internal circuitry of the messenger module 
transmitteiAeceiver m the alternative embodiment of Figs. 16, 17, and 18; 

FIG. 20 is a block diagram depicting the internal drcuitiy ofthe messenger module in tiie 
25 alternative embodiment of Figs. 16, 17, and 18; 

FIG. 21 depicts (he data stream transmitted by die messenger module transmitter/receiver, 

-7- 5.1 
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■ 

embedded mdi time stamps; 

FIG. 22 depicts the data stream of FIG. 21 with an eiror detection correction code; 

FIG. 23 depicts the procedure of how data streams with gaps may be reconstructed 
using pattetDS wiftin the data itself, 

FIG. 24 is a block diagram depicdng the internal circuitiy of a m^enger module with a 

sensor; 

FIG. 25 depicts the collection of data using sensor-equipped messenger modules; 
FIG. 26 depicts the coHectira of data by messenger modules fixxm behmd an oil well 

casing; 

FIG, 27 depicts the collection of data by messenger modules from behind an oil well 
casing where the messenger module is in direct contact -with the borehole wall; 

FIG. 28 depicts the recoveiy of data fiom a stranded oil tool; 

FIG. 29 depicts a messenger module without its housmg, the particular messenger module 
employing optical communications; and 

FIG. 30 depicts messrager modules being utilized in a relay communications technique. 
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5. PFTAILED pEsSCRimON QF THg XNVFNTIQN 
Modem telecommunication is typically based on transmission of data between different 
physical locations using electromagnetic or acoustic waves. For most practical applications Ais 
communication model ensures fas^ continuous and reliable data transmissioa But in some cases it 
5 is dflier impossible to use such waves, or tbeiangem which they can operate 

Ilustiative examples in this regard are downhole applications, whm logging tools acquire or 
generate valuable data regarding tiie structure of the formation surrounding a borehole, but are 
very limited in temos of how the acquired data can be communicated to the sur&ce, especially 
wfam there is no wireline cormectiorL 

10 

5.1 Basic Approach 

In accwlance with the present invention, one approach to solving the above problems 
and achieving a continuous, quasi-continuous, or time-dependent data stream is to cause a number 
of smaU-size memory modules, referred to in this application as messenger modules, to pass near 

IS an information source or physically attach to the source in order to load the desired iaformation. 
A natuiHlly occunting or artificially created fluid flow tiien carries the messenger modules witii tiie 
information loaded to one or more receiver locations, where the information can be unloaded, 
decoded (if necessary) and sent for furtiier processing. In applications where the irrformation 
source generates substantial amounts of data (or if the data is generated over a period of time), in 

20 accordance with this invention tiie corresponding data stream may be partitioned into short 

messages that can be loaded into successive groups of messenger modules. In otiier applications 
it may be desirable to fit the entire message into the memory of a single messenger module (or 
multiple redundant modules). At tiie receiver end tiie original data stream, as well as addhional 
information, such as tiie geogrephic origin of eadi message and the time it was generated, can be 

25 restored using time stampmg,niessage numbering or other indexing technic In a preferred 
embodiment, the messenger modules of this invention are ine?q)ensive, making it economically 

-9- 



wo 03/096073 PCTAJS03/14496 

t. 

feasble to use redundant modules to ensure leliability of the conmunicaticm links. 

It will be apparent ^t die amount of data that can be consmunicated in accordance widi 
the present invention depends on the data capacity of the modules and the specific means for 
transporting modules fiom one location to anoAer, including the speed of transmission. In one 
5 embodim^ messCTger modules used in acoozdance with the present invrntion are made using 
s^conductor technology. It is expected therefore, that hnprovements in semiconductor 
fabrication technology, which at the time of this application are approximately exponential in 
accordance wiA Moore's law, should result in the future in an increase in flie storage capacities 
and thus in the achievable data rate for communicadon, all with further reduction in costs. 

10 

S.1.1 Cprpmuniic^tioing Using y on-sinygpiM RatB^tjm 

In another aspect of the present invention, information exchange widi messenger modules 
is acconq)lished using non-sinusoidal radiation for ultra-wi^band communication via trains of 
pulses. Non-sinusoidal radiation is useful for developing miniaturized networking-enabled devices 

IS that do not employ conventional sinusoidal waveforms for radio transmissions. Thu% in one 
embodiment of the invention, a pair of impulses are transmitted with an associated broad 
bandwiddi resulting in low power in any particular frequency range. Notably, in this scheme there 
is no requirement for a carrier frequency or its modulation to carry a signal in the manner femiliar 
with resonance*based sinusoidal communication systems. Further details about die technology 

20 can be found in die Semi-Annual Technical Report # J-FBI-94-058, 'Xow-Power, Miniature, 
Distributed Position Location and Communication Devices Using Ultra-Wideband, Nonsinusoidal 
Commimication Technology" prepared for the Advanced Research Projects Agency/Federal 
Bureau of Investigation in July 1995, available at flie time of submission of this application at 
http:/www.aetherwire,com/PLRqx)rt_95/pLrep95.htnil. The content of the report is 

25 incorporated herein by reference in its entirety. Additional discussion of norv-sinusoidal radiation 
based communications and miniaturizable antennas suitable for such ultra-wideband 

-10- 
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camraunications is found in the United States patent No. 4,506;267 issued to Henning F. Hannuth 
on March 19, 1985, v^ch is also incoq)orated herein by reference. 

In addition, fabrication of modules employing non-sinusoidal radiation in accordance with 
one aspect of the present invention aUows fiirtfaer reduction in the size of the modules since the 

5 electronics can be integrated by, ^g., conq)lementaiy metal oxide transistor ("avlOS")-based 
fabrication with no iuductive components. The non-resonant and current mode antennas are also 
small and directly driven by CMOS. Utia-wideband communication enabled by nonsinusoidal 
radiation also ofieis the advantage of udng lower fiequencies resulting in less attenuation. 
Moreover, the dgnals are resistant to interfeirace due to Me energy bemg presoit in any 

1 0 particular narrow frequency band. In a preferred embodiment, more than one messenger module 
may be used to transmit data from one physical location to another in order to mcrease the 
robustness of the system and minimize the risk that data can be lost with the loss or disablement of 
any particular messenger module. 

IS 5.1.2 Providing Data Communication in a Borehole 

The principles of this invention are illustrated in die foltowing description in die previously 
described contact of a borehole. Thus, in one embodiment of this invention, messenger modules 
having suitable data storage capacity are flushed downhole from the surface to the tooI(s) that are 
placed in the borehole. In die following description these tools tixemselves are considered as 

20 iiifonnationsourees that acquire data coiiceniing die properties of die sum The 
specific selection of tools that can be used in any particular application is hnmaterial, but for die 
mterested reader a non-exhaustive list includes a (standard) set of logging tools such as Gamma, 
Density, Neutron, Reasfivity, Sonic, Induction, NMR, Resistivity Borehole Imager, Acoustic 
Borehole Imager, Caliper, Dq)metar, Ten5)erature, and SP Tool (Spontaneous Potential), among 

25 odiers. 

In accordance witii one aspect of die present invention, data generated by die tool(s) is 

-11- 
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then Stored in ftememoiy of the messeDgermoddesus^ The modules are tfien 

circulated back to the sur6ce, where die data may be retrieved and processed. Data may 
additionally or in the alternative be stored on the messenger modules at the surface and flien 
circulated to the tools in the borehole, where the data can be retrieved and then used, for example, 

S to re-program die tool, to initiate a processing sequence, changing its mode of operation or work 
parameters, or for other purposes. In yet anodier embodiment of the invraition data may be 
stored on one or more messenger modules at one location in the borehole and circulated to a 
second location in die borehole wliere die data may be retrieved. Thus, messenger modules 
carried by natural oc artificially created fluid flow enable communication or exchange of 

1 0 information between various tools and sensors in a borehole, efTecdvely networking them 

S2 System Components 

The main components of a system in accordance widi the present invention can broadly be 
classified into a data transmitter module, one or more messenger modules capable of storing 
1 5 information generated by the transmitter, a data receiver module and a fluid flow capable of 

physically canying die messenger modules between die transmitter and die receiver modules along 
with many variants of die system The description ofdie system corx^onentsbegiris with the 
messenger modules. 

20 S.2.1 ThgMe?ym8?rM9^es 

An «cenq)lary messenger module used in a preferred embodiment is small-sized, 
packaged for protection against hostile environment, such as corrosion due to water and mud, 
exposure to gas, radiation or electrom^etic fields, or damage by vibrations and mud flow in a 
borehole. In accordarK^ewidi die mvention, die specific dimensioris depend on die manu&cturi^ 
25 technology, die memory requirements of die application and the parameters of die fluid flow diat is 
' e;q)ected to carry die modules. In a prefened embodiment, the messenger modules consunie very 

-12- 
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Utde power since fliey remain in a sleeping state except for brief periods of activity v/bm data is 
delivered or leceived The low power requlranents of the niessengerniodule in a preferred 
embodiment enable various designs, such as zero-power sensors that are driven by the power in 
the received signal itself. In alternate embodiments^ memoiy and oflier circuits of the messenger 
S moddes may be powered by vibration or other conditions in die envi^ Alternatively, in 
some embodmients of the invention, an on-board source of power, such as a batteiy diat may 
optionally be charged, e.g., via photoelectric effect and the like. Alternative sources for the 
powering may be used as they are developed in the future. 

Exemplaiy enibodiments of die invention enq)loy a variety of data transmission 
10 approaches. For instance, light, wireless - both sinusoidal and non-sinusoidal, direct electrical 
contacts, and the like are all compatible with the design of messenger modules in accordance with 
flris inventioa Since messenger noodules in fliis invention generally interact with external devices to 
receive and provide data, such external devices are designed to provide complimentary 
communication capabilities. Therefore, the description of various technologies in the context of 
1 5 messenger modules in general also applies to similar design issues to external components, such as 
the programmer (typically placed close to a measurement tool), a reader (usually at the sur&ce), 
with which messenger modules exchange data, and odiers. 

In one embodiment, the messenger modules are also highly integrated to provide memory 
that is resistant to power failures. As stated above, preferably messenger modules may have 
20 processing power on board. However, it is possible to have messenger modules that are akm to 
memory chips that are entirety driven by extemal components for both writing and reading data. 
When not interacting witii extemal components, these types of messenger modules used in 
accordance with die invention do litde more dian hold data. Preferably, the onboard processing 
power, if present, is driven by clocks at different rates to conserve power with slower clocks 
25 nmiiing during the sleep state and fester clocks deployed when fast responses are need^ The 
switch from sleep to active states or from a data receiving state to a data transmitting state are 

-13- 
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advantageously data-driven. However, the data-driven design or multiple clock rates aie not 
intended to be a limitation on the scope of the invention, since even with a single clock rate 
messenger modules can operate satisfactorily for many of the intended applications and take 
advantage of advances in &brication technology to reduce costs and increase data holding 
5 capacity. 

Over Ihe last few yearSy memory chips have become drasdcallyaiialler in size^ For 
example, it is well within the capabilities of toda/s technology to pack mega-bits of storage 
capacity in a few cubic millimeters of qjace. Li^rtantly, such technology is developed to a 
degree &at makes it economically feasible to use such memory ch^s in virtually all aspects of 
10 modem life. In accordance with a preferred embodiment of the present mvention, messenger 

modules are in flie group of highly miniaturized products known as "smart dust" A description of 
smart dust-type modules is provided, for example, at die time of writing at 
httpi/Zrobotics.eecs.beikeley.edu/'^istei/SinartDust/, and is incorporated herein by reference. 

15 5.2. 1.1 IqftiQductiQTitoSm^rtlMt 

The development of improved iabrication techniques for semiconductor-based devices 
has made possible new modes of data transmission and networking. Economic febrication of 
devices small enough to be considered "smart dusf' enables devices no larger than a few cubic 
millimeters diat inchide millions of bits of memory and processing circuitry. 

20 Hie cunently avaOable snart dust modules are very small (the size of a fiaction of a 

penny), bottle-cap-shaped micro-machines fitted with wireless communication devices • Aat 
measure parameters such as light and temperature. When clustered together, tiiey are expected to 
create hi^ify flexible, low-power networks with plications ranging &om climate-control systems 
to entertainment devices that interact with handheld computers. 

25 Smart dust technology and its ongoing devdopment is furrier described m the following 

articles, which are incorporated herein by reference in their entirety, found at the timC^tbis 
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application was filed at http//robotics.eecs.beikeIey.edukpistei^ J.M. Kahn, R.H. Katz, 

ICS J. Pister, Next Century Challenges: Mobile Networking for "Smart Dust" (undate<^; 
Kristofer S J. Pister, Joseph M Kahn, and Bemhard E. Roser, Smart Dust: Wireless Networks 
of Nfillimeter Scale Sensor Nodes ODecember 10, 1998); V.S. Hsu, J.M. Kahn and KSJ. Pister, 
5 Wireless Communications for S mart Dust (lanuBry 30. 1998); Kris Pister, Joe Kahn, Bemhard 
Boser, Smart Dust: Autonomous Sensing and CommunicatiQa in a Cubic Millimeter Matfliew 
Last, KSJ. Pister, 2-DQF Actuated Microminpr Designed fo r Large DC Deflection (undated); 
and Richard Yeh, Robert A. Conant, and Kristofer S. J. Pister, Mechanical DieitaUto-Analog 
Cpnverters (undated). 

10 In the oonte>ct of fliis mvention, die sbructure of Ae messenger modules and their inner 

woddngs admit of many variations. The messenger modules are cq)able of reliably storing 

f 

infonnation, and diat Aey can be encapsulated in a protective coating for effectively shielding 
tiiem. In addition, it is desuable tiiat tiie messenger modules are diaped to be compatible witii 
movement along the path of the fluid flow. 

15 

S.2.1.2 Sh^pQ of ^ Mg^gpger Mo^k 
Altiiough die invention does not place a particular restriction on tiie shape of the 
messenger modules in general, some shapes are more suitable for particular applications. For 
instance, in a borehole, elliptical or disc-shaped messenger modules are expected to be preferable 
20 altiiough otiiersh^)es may be en^Ioyed. In view of tiie need fer low cost, hig^ integrated 
messenger modules tiiat are easily transported in a fluid flow, it is desirable tiiat die largest 
dimension, on the average, of a messenger module be less tiian about 5.0 cm. It is preferable that 
the size be less than about 2.0 cm. Particular applications may require sizes of less than 5.0 mm, 
and preferably less tiian 1.0 mnL Suitable housing is desirable to cover messenger modules and 
25 protect tiie electronic circuitry fiom mud, nioisture, and od^ elements. Ibis housmg may 
completely encapsulate a messenger module, or, in altemative'fembodiments, provide external 
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electrical contacts and the like, le.^ partial encq;)5uIatLQn. The vohune of sudi a messenger 
module on the average is prefeiabiy less dsan 1.0 mL la various applicatioos it may be limited to 
less than 0.5 mL, down to ranges of about 50.0 - 5 ^iL, or less. 

Messeng^ module 90, iUustrated in FIG. 12, comprises sealed housing 150 and ciiuuitiy 

5 module 152. Housing 150 has a sh^e,su(^ as an elliptical shape, such that it wiDassum 
required orientation when it is subjected to fluid flow as shown, for example, in FIG. 6. The 
housing is constmcted of a durable material, capable of passing through die mud circulation system 
widi a reasonable Qcelihood of survival Housing 150 is also preferably transparent to the 
ttaiisinissionfit>m the messenger module transmittectece^^ Thus, ifdie transmission fiom the 

10 messenger module transmitter^receiver 92 is radiation inchiding electromagDetic and radioactive 
radiation, the housing should be at least in part transparent to such wireless transmissions. Further, 

I 

if die transmission fiom die messenger module transmittecteceiver 92 is optical, the housing should 
be at least in part transparent to such optical transmissions. Iftwo or more transmission 
techniques are used, then the housing should in a preferred embodiment be transparent to all such 

1 5 techniques. In a typical £^Iication in accordance with this invention, housing 150 may be made of 
transparent plastic material selected for its durability under the corresponding environmental 
conditions. Alternative housing in:q)lementations for imparting resistance to scratches, moisture, 
chemicals, temperatures approaching 350 T, and pressures of as much as 20,000 psi include 
con^osite coatings diat have scratch resistant outer layen, e.g., diamond films, as well as glass 

20 layers, and for electronsagnetic communications a l^er of conducting rubber or plastic. Various - 
modifications to the design parameters of the cover will be qiparent to tiiose of skill m die art in a 
particular applicatioa 

As illustrated in FIG. 13, messenger module 90 m a preferred embodiment has a disk 
shape. Such a shape may be chosen to cause die messenger module to assume die proper 

25 orientation as it travels dm>u^ die Add flow and in die data traiisruissiondiani^ Itwillbe 
understood tiiat any shape for die messenger riiodule, mcluding a cube, rectangle, sphere, or any 

.16- 



wo 03/096073 PCT/US03/14496 
■ 

oflier shape^ is acceptable as long as the shape does not interfere with ttie orderly flow of the 
messenger modules, and prefetabty facilitates orderly flow of a phnality of messenger modules m 
tfaefluid 



S , S.2.1.3 Circuit Pegign frr q Messepger Module 

A veiy important consideration in many ai^licatioDS of messenger modules used in 
accordance with this invention is the available power and the manner of its consumption. For 
redudng power consiQiq>tion, a direct mapping of a particular function into hardware is preferable 
with at least file required amount of reconfigurability. Preferably, timers and clocks drive 

10 memories, including those for configuring functional blocks mto data paths to provide only flie 

capabiUties necessary for a particular event These paths are data-driven, so that fimctional blocks 

I 

are only powered up when flieir inputs are ready resulting in low standby power consumptiort 
One such a data-driven design is described by Brett Wameke and Sunil Bhave in "Smart Dust 
Mote Core Architecture," that is a project report for CS252 from Spring 2000 at Berkeley 

1 5 Sensor and Actuator Center, 497 Cory Hall, Berkely CA 94720, which report is incorporated 
herein by reference in its endrety. 

A messenger module in accordance with diis mvention preferably has a memory that can 
survive power failures, clocks that can run at various rates (i.e., fast and slow) to modulate power 
consumption while providing responsiveness, and sensors for input that need zero or minimal 

20 powCT during sleep or standby mode. Preferably a messenger module memory is at least 1 

kilobytes. The memory size will be dictated by the particular application and is expected to range 
from tens of kilobytes to tens of megabytes. Future developments in memory technology are 
cjqpected to push the upper range even further. 

As noted, in a typical s^lication any particular messenger module will spend most time in 

25 a powered-down state. Further, in addition to low power consumption, various embodiments of 
messenger modules preiSrably harvest power from not only input signals, but in addition, or in the 
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alternative, fiom electrical contacts, \dhrations, iigh^ diemical reactions, fluid flow itself, tfa^mal 
gradients inchidiiig fluctuating tfaennal gradieots hamessed, for instance, by suitably placed 
&ennocoi3ples, and the like. 

^ 52.1.4 Suitable M^esm fOT V^^ous Mes$engey Mpduleg 

The circuitiy for die messenger module, illustrated in FIG. 14, includes transducer 154 
capable of tiansmitting and/or receiving wireless signals. Transducer 154 may be an antenna for 
transmitting and leceivii^ electromagnetic signals, or a combination of a laser and a photoelectric 
cell for receiving and transmitting optical signals. Ahematively, transducer 154 may be aiQr sort of 

1 0 transducer, such as an acoustic one, as long as it can receive and transmit the data under tiie 
conditions of the particular application. 

As illustrated in the embodiment shown m FIG. 14, transducer 1 54 is coupled to 
receive/transmit switch 156 to switch the messenger module between a receive mode and a 
transmit mode. Mernatively, duplex modes niay be enabled for both tiansiiiitting and receiving. 

1 5 For non-sinusoidal radiation-based communications described above, tcansducer 154 

generally represents loop antennas, possibly shielded, for avoiding charge accumulations 
characteristics of bipolar antennas. United States Patent No. 5,748,891 issued to Fleming et al. 
on May 5, 1998, incorporated herein by reference in its entirety, discloses that it is not necessary 
to ^eld a loop antenna for effective transmission of non-sinusoidal radiation and that bi-loop 

20 antennas are even more preferable in view of flieir reduced sensitivity to relative orientation of flie 
transmitting and receivixig antennas. 

In an embodiment of flie invention, impulse pair sequences are transmitted md received 
using a loop antenna instead of the antenna 154, since current-mode loq> antennas are well suited 
to non-smusoidal transmissions and their operation is frequency-independent to allow transmission 

25 of an ultia-wideband signal without distortion The &r field components of the radiated electric 
and magnetic fields vary as the product of the length of a single unshielded arm of the loop and the 
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time derivative of the current Therefore, a device using a loop or bi-Ioop antenna can be made 
very small smce the lower power supplied to a smaller antenna is compensable by a larger current 
derivative and communicatioiis over shorter distances. The availability of conducting rubbers and 
plastics suitable for antennas makes possible antennas that are an integral part of one or more 
housing layers. An example source for such antennas is Antdc, Inc., a subsidiary of Integral 
technologies, Inc. wiA offices at 805 W. Orchard Drive, Suite 3; Bellmgham, WA 98225, USA. 

An alternate preferred embodiment of the present invention uses a bi-loop antenna to 
produce transmissions along both axes can be produced with greater flexibility in orienting the 
antenna. It should be noted that if bofli the transmission and reception antennas are bi-loop 
antennas, it is always possible to communicate between the antennas regardless of their relative 
position and orientatioa This property, coupled wifti suitability for miniaturization makes bi-loop 
. antennas with non-sinusoidal transmissions using pulse pairs suitable not only for messeng^ 
modules but for prograirmier and reader designs as well. 

5.2.1.5 Powering a Messenger Module 

Previous description of power sources inchided implementations based on as electrical 
contacts, vibrations, ligh^ fluid flow itself, chemical reactions, thermal gradients including 
fluctuating tiiermal gradients harnessed, for instance, by suitably placed Aermocouples, and the 
like for powering messenger modules. In the case of receiving modules powered by 
electromagnetic radiation, preferred embodiments of the invention receive high fl:equency 
radiation, typically m the Giga Hertz range. Other preferred embodiments may, in addition or in 
the alternative, also use (micro-)transformers to boost flie received voltage to enable rectification 
of the received signal Rectification need not be by way of diode-based circuits only, and instead 
elements with smaller forward voltage drop, such as synchronous rectifiers may be used with 
suitable triggering of such dicuits to efifect efficient rectification with low losses. 

Anotiier source of power for both disposable and rechargeable messenger modules in 

-19- 



wo 03/096073 PCT/US03/14496 
accordance with yet anottier embodiment is in the fbnn of chenucal batteries. Advantageously, the 
battery may be designed to deliver power upon contacting water or other substances. In this 
context, it should be noted that fee power consumption of a memory module can be made very 
low. An example of a memory product along with power consumption specifications is foui^ at 

5 fliethneoffilingofthis application, at 

http7/www.ram tron.cQm/producte/FM2 These memory 

modules consume low power, 0.2 mA @ 3.3V at write-time (IMHz clock speed), and function 
at higih tenq)eratures. Additional details for power management follow and are also presented 
elsewhere in this description. 

10 Since, messenger module 90 may have no internal power source, it is capable of 

extracting power from the electromagnetic field 94 to power at least some of its internal circuitry. 
In another dspecX of the invention, the need for efiSdent use of power is reflected in the design of 
the electronics for messenger modules. For instance, having a high-speed clock consumes 
significant power. Therefore, a data-driven design is preferred, so that appropriate clocks are 

1 5 started and code blocks executed by powering dififerent circuits in response to data, r. e. , actual 
need Thus, a messenger module may power off most of its electronics with a needed block 
powering up in response to a signal received by a receiving circuit Moreover, the receiving circuit 
may be powered by the signal itself. Additional blocks are powered^ip/down in response to data 
received and processed in the messenger module. 

20 In alternative embodiments, messeriger modules, additionally or in die alternative, may 

extract power fi^m vibrations and motion due to fluid flow in a manner similar to the technology of 
self-win<firig wrist watches driven by the movement ofthe wrist of flie wearer. In this respect it 
^ould be noted tiiat micro-machinrag techniques for semiconductor devices are exploited to build 
rnicron-sizedstnicturesresporisrve to vibrations fiT)m which power can be extract^ Thus,5uch 

25 powCT sources are compatible ^th both the cost and fabrication strategies underlying the 
messenger module design of the present invention. 

-20- 



wo 03/096073 PCTAJS03/14496 
Jn case a earner is used for wireless conmiunications, i.e. , sinusoidal transmissions, 
messenger modules niay be powered at least in part ftom the received Furtha:,in' 
FIG. 6, messenger module 90 includes a receiver and a demodulator (not shown) to demodulate 
the data &om messenger module transmitter/receiver 92. Data is then stored on messenger 
5 module 90 before the messenger module is ejected into the borehole annuhis througjh port 78. 
Messenger module reader or processmg device 72, shown in FIG. 3, may inchide similar 
equipment to separate the messenger modules, to transmit and receive data to and from ftem, and 
to supply power to them 

With reference to HG. 14, when receive^tiansmit switch 156 is in &e upper position, 
10 received signals, such as electromagnetic signals, are coupled to rectifier 158, which rectifies the 
received signal, converting it mto a direct current (DQ signal, which is then used to power the rest 

I 

of the circuitry in the messenger module and, optionally, charge power storage device 160. 

5.2.2 Data Transmission bv a Messenger Module 
1 5 FIG. 15 is a block diagram, showing tiiat in one embodiment when a messenger module 

detects proximity to a messenger module transmitter/receiver 92, or a reader, it transmits data in 
its memory (block 182). After it has transmitted data, the messenger module switches to a receive 
mode (block 184) to receive data firom messenger module transmitter/receiver 92. Of course, the 
Older and number of tcansmitting or receiving operations depends on the particular application and 
20 is not intended as a limitation on the scope of the invention. 

FIG. 16 shows a specific embodiment, in vMch a messenger module 90 is trapped by a 
capture device or gate 186 and spring-loaded contact 188, Gate 186 and spring-loaded contact 
1 88, as examples of securing messenger module 90 for data transfer, are configured so diat 
messenger module 90« in an orientation urged by die laminar flow Ifarou^ the data transmission 
25 chamber, engages electrical contacts (not shown) on spring-loaded contacts 188. After data 
transfer, gate 186 assumes the position shown by the dotted line in FIG. 16, allowing messmger 
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■ 

inodule 90 to pass tfaiough data transmission cham 

As shown in Figs. 17 and 18, messenger module 90 in one embodiment has two contacts 
190 and 192 mechanically coupled to its outside housing, and electrically coupled to the 
tran5ducer(s)widiin its ciiodtiy module. The contacts are coxifiguied to mate contact with 
5 electrical contacts 194 and 196 on spring-loaded contact 188. In diis configuration, the dicuitry 
in the messenger module transmitteiAeceiver 92, ilhistrated in FIG. 19, mchides the same interfece 
to data collector 100 in FIG. 7. Memory 102 receives and stores data from data collector 100 
and transmits it through serial interlace 1 98 and isolator 200 to messenger module 90. 



10 5.2.2.1 Wireless Tran smissions bv Messenger Modules 

In an alternative embodiment of the invention, the gate approach iUustrated in Figs. 16, 17 
and 18 is modified, as illustrated in FIG. 20, to allow wireless transmission, simisoidal or noiir 
sinusoidal, from messenger module transmitter/receiver 92 to messenger module 90. In the case 
of a messenger module transmitting data, transmit clock generator 170 causes processor memory 

IS 168 to make the data available for transmission. 

5.2.2.2 Pptical Dat^ Tym^gsipn Ry:q?tion 
Communication between tfie messenger module and Ae messenger module 
leceivei^transmitter can also be accomplished optically, as shown in HG. 29, which illustrates a 
20 messenger module without its protective housing. In this embodiment, a passive transmitter with 
comer-cube retroreflector 252, m effect requiring no power for receiving a signal, allows 
transmission ofdata from the messenger module optically. A retroreflector ofthis type is 
described, for example, in Kristofer S. J. Pister, Joseph M. Kahn and Bemhard £. Boser, Smart 
Dust: Wireless Networks of Millimeter-Scale Sensor Nodes (December 10, 1998), which is 
25 incorporated herem by reference m its entirety. It has flie property diat any incident ray of light 
fit>m a certain range of angles centered around the cube's body diagonal is reflected back to the 
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source. 

11iU5» if one of the minors is misaligned, letroieflecdon piqserty would not apply. Hiis 
pzoperty is used to transmit data &om die messenger module to the messenger module 
transniittraAeceiver 92 with minimal power expenditure. Thus, a device designed for reading data 
S fiom the messenger module illuminates it wiA a light beam, su(± as from a laser light source. The 
messenger module flien dianges flie (nictation of one or more of the minors making up the 
retroreflector, thereby interrupting the returned beam of light In flus embodiment, the receiving 
station can then detect the modulations in the light caused by the modifications to the retroreflector 
and convert it to a data stream. 

10 

S.2.2.3 NetvyQtking wd p^ta FQinv^ing by Mes?gnger M9<fales 
It is also possible, although not required for practicing the invention, for messeng^ 
modules to receive transmissions fiom other messenger modules and retransmit this data to oAer 
1 5 locations, such as to an LWD tool. To this end, messenger modules can form dynamic ad-hoc 
networks widi each other. Such ad-hoc networks generally require, execution of instructions in 
memory for enabling ad4ioc interactions with each other. 

As illustrated in FIG. 30, the messenger modules can be used to relay information. In 
such embodiments, messei^er modules are circulated Amugh the mud channel in the drill string 
20 and out of ports in the LWD tools, or through the drill bit and bade up the annuhis to the sur&ce. 
A number of the inessenger modules are brought to within transnoission range fiom LWD tools 
using conventional transmission techniques such as RF and/or optical transmission and/or a 
contact Indus case, tiie LWD tools transmit data to these nearby messenger modules. The 
neaiby messenger modules receive the data and retransmit it abnost synchronously, on a different 
2 S fiequency (for example, if fiequ^cy divi^on multiplexing is used), in a difierent time slot (for 
example, if time-division multiplexing is used), by different means (such as receiving 
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electromagnetic xadiation and transmitting acoustic energy) or a suitable combination of any of 
these techniques. 

In this embodiment, messenger modules avoid collisions in dieir tiansmissions by, for 
exa^9le,waiti^g a random penod of time after xecdving data before transmit^ Messeng^ 

S modules further yxp die annuhis receive the data and retransmit it using, for exanople, one of die 
techniques described above. The transmission of data ripples along the amxulus fiom messenger 
module to messenger module until it reaches its final destination. In this way, a substantially 
uninteirqpted and (quasi) continuous stream of data may be transmitted fxm the LWD tools to the 
sur&ce via a multitude of messenger modules. It will be £q>piedated that other modes of using the 

1 0 messenger modules for data transmission can be used in alternate embodiments as well 



5.2.2.4 P^t^^ AcqufejtiQn by M^SS^gff Modulg S^r^ 

In accordance with a specific embodiment, messenger module 90 may also include sensor 
1 S 230, as illustrated in FIG. 24. The sensor may sense pressure, temperature, radiation, resistivity, 
or odier parameters dependent on the application. An ou^ut of the sensor 230 is typically 
converted to digital form by digital-to-analog converter 232. The data produced by the digital-to- 
analog converter 232 is stored by controller 234 in memory 1 68. The controller then causes this 
data to be transmitted to a receiver. To this end, modulator/amplifier 1 80 modulates die data onto 
20 a carrier provided by local oscillator 164 and routes the modulated carrier through switch 1S6 
controlled by controller 234. After transmitting Sie data, the controller 234 switches switdi 156 
into the receive position. In this position, signals received by transducer 154 are routed through 
switch 156 into amplifier/demodulator 162 to anqjlify and demodulate the received signal 

Such sensor-equipped messenger modules, shown in FIG. 25, may be used in a variety of 
25 applications. For mstance, messenger module 90 placed in fi:acture zones 238 and 240 for 

collecting and storing data regarding the formations around the fiacture zone and the proppant in 
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the fracture zone during or after positioning of die messenger module. 

Similaily» as scm in FIG. 26, messenger modules may enable collecdon of data fiom 
behind an oil well casing. Messenger module 90, located in a wellbore in concrete 246 between 
casing 248 and borehole wall 250 possibly during die curing process, monitors die temperature of 
5 die concrete as it cured. Alternatively, messenger module 90 may be in contact widi die borehole 
wall, as shown in FIG. 27, or placed to collect further data regardbg die sunounding fom:iadons. 
Tool 242 then receives data fiom, and possibly powers-iq>, messenger module 90 when desired 
and in die vidmty of messei^ module 90. 



10 

3.2.3 Messenger Module Data Transmitter/Receiver 
In accordance widi one embodiment^ messeng^ modules interact widi a messenger 
module programmer to receive data inside a borehole. The messenger module programmer of diis 
embodiment, also referred to as a messenger module transmitter/receiver, can both provide data 
13 to and, optionally, receive data fiom messenger modules. Tools and sensors lacking a dedicated 
messenger module programmer, may communicate with a shared inessenger module programmer 
in order to communicate widi messenger modules. 

For wireless communications, contemplated modulation techniques in accordance with die 
principles of the invention include various modulation types, inchiding fiequency modulation, 
20 amplitude modulation, pulse modulation, spread spectrum tedbniques, inchiding fiequency hopping 
and modulation using pseudo-random sequences and die like. In alternative embodiments of die 
. invention, data is represented by a sequence of pulse pairs that are transmitted using non- 
sinusoidal radiation. In alternative embodiments, one form of communications, such as wireless, 
could be used for transmitting, while anodier form of communication, such as acoustic, could be 
25 used for receiving data. Various odier existing or future combinations would be apparent to diose 
of skill in die art and are intended to be covered by the attached claims. 
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S.2.3.1 Inputting Data Into Messenger Modules 
In accordance widi the present invi^on, there may be many ways for a messeng^ 
module to receive data, each selected by the specific requirements of the application. Thus, data 
carried by a single messenger module may originate from two or more sources, and be directed to 
S more ftan one target Some ofdie data may be collected in alternate embodunents by die 

messeugor module itself. In niost cases, data may be obtained from a programmer and delivered 
to anodier programmer or a reader. 

A messenger module progcairmier in one embodiment of the invention, as shown for 
example at transmitter/receiver 92 in FIG. 6, generates electromagnetic field 94 in data 
10 transmission chamber 88 for providing data to messenger modules. Typically, programmer 92 
located in the proximity of one or more tools receives and stores data for messenger modules in 
memory 102. In response to detecting readiness of messenger module 90, transmitter/receiver 
104 will cause data in memory 102 to be transmitted to messenger module 90. 

FIG. 7 shows a messenger module transmitter/receiver 92 in accordance with one 
1 5 embodiment of the invention, which inchides a data collection controller 98 for coordinating with a 
data collector 100, such as an acoustic logging tool or a resistivity tool. Once data is stored h 
memory 102, transmitter/receiver 104 may transmit data via transducer 106. In one embodiment 
of the invention, transmitter/receiver 104 transmits sufficient power for the messenger modules 
traveling through die data transmission chamber to power dieir onboard ciicuitcy. 
20 In a specific embodiment, data may be transfeired bom mess^ger module 

transmitter/receiver 92 to messenger module 90 in segments, especially in situations as shown m 
FIG. 6. In accordance with FIG. 6, each messenger module 90 receives only a segment of the 
data transmitted by the messenger module transmitter/receiver 92. It is, dierefore, necessary for a 
messenger module reader to reconstmct the data stream from these data segments when the data 
25 is received at the sur&ce. 
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5232 RegQjvmg Pata frpCTH E Messenger Mpdu|e 

In a specific embodiment, transimtteciVeceiver 1 04 is also capable of receiving data fix)m 
one or more messenger modules. Such data may eifect, for example, tool reprogramming, so that 
surface p^sonnel can dynamically change the operation of downhole tools. In alternative 

5 embodiments, data bus 1 10 connects direcdy to data collector 100, &ereby allowing 

programming of data coUectof 100 from the sur&ce. As may be noted, other tools and sensois 
can be similarly programmed by suitably targeted messenger modules. To this end, the tool being 
programmed may be programmed to accept data fiom a messenger module aoiy if the data is 
directed to it Alteixiatively, a messenger module may transit data to a particular tool or sensor in 

1 0 accordance with an addressing scheme. Bofti of these design possibilities are compatible with 
low-power consuming data-driven architectures used in various embodiments. 

S.2.3.3 Tran^itiffl ^twee^ Rec^Wpg and Ty?mutt¥ig 

In a specific embodimait, the receiving and transmitting circuits preferably operate in a 
15 mutually exclusive manner to reduce noise and cross-talk and to increase sensitivity. As shown in 
FIGS, 7 and 10, in such case data collection controller 98 may be used to coordmate switching 
fiom receiving mode to transmitting mode via signal 1 14. Initially, data collection controller 98 
may switch transmitter/receiver 104 to transmit mode (block 138). Data collection controller 98 
may allow a transmit time to elapse (block 140) and tiien switch transmitter/receiver 104 to die 
20 receive mode (block 142). Data collection controller 98 tiien determines whetiier it is receiving 
data (block 144). It can accoaq)lish this iunction in any number of conv^tional means, induding a 
detector tiiat detects signals being transmitted by the messenger module 90 or some suitable 
means for examming tiie data received fiom die transmitter/receiver. In a specific embodiment if it 
is not recehdng data, it switches tiie transmitter/receiver to tiie transmit mode (block 138). 
25 The circuitry of data collection controller 98 iUustrated in FIG. 1 1 inchides processor 146, 

which in accordance witii tiiis embodiment can be a micVbprocessor or combinational logic to 

-27- 



wo 03/096073 PCT/US03/14496 
accoiiq)lish tiie functions of a roiciq)iooessQr. Processor 146 may be coupled to program 
memory 148, which contains the program steps to be accomplished by the processor 146. 
Program memory 148 may be a flash memory, capable of being reprogrammed and capable of 
retaining what is stored fliercon, evm when power is disconnected. Alternatively, the program 
5 mwnory may be a conventional random access memory (RAA<0» an electrically programniable 
read-only memory (EPROM), a hard drive, or ofliers. 

With reference back to FIG. 1 1, processor 146 receives data jfrom transmitter/receiver 
104, which it thra processes. For exan^le, if the required process is to reprogram program 
memory 148, processor 146 performs that task. Processor 146 may also generate 
10 transmit^eceive signal 1 14 and date/time signal 1 12 according to its piogramming. Further, the 
processor communicates with the data collector, as shown in FIG. 11. 

The trandtion of transmittei/receiver 104 between its transmitting function and its 
receiving function is controlled by data collection controller 98 in response to signal 1 14. A 
messenger module could provide signal 1 14 to indicate data for transmission. As previously 
1 S described, messenger modules in many embodiments of the invention are in a sleeping state. They 
wate up in response to detecting a suitable signal indicating presence of a programmer or a reader 
for data exchange. In data-driven messenger modules, the waking up may also start faster clocks 
for faster response times on part of the messenger modules. 

Preferably, after data is provided to the messenger modules, the transmittez/receiver 104 
2 0 may be switched to the transmitting state in order to receive data for the next target tool or reader. 
In a specific embodiment, the received data also may receive a time stamp. In this regard, time 
stamp generator 130 generates data a time stamp that indicates the order in which data may be 
arranged in the different messeriger modules. In a specific erxibodiment this stairq) is essential^ a 
number lowing the place of a particular message in tire sequence of messages. In alternative 
2 5 embodiments of the mvention, the time stamp may be the actual time when data is generated or 
loaded onto a module. It may also'represent the elapsed time since an event occurred, such as the 
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time vAen power vras first appMed to the device or the time wb^ 
Pieferably, for redundancy purposes several messenger modules may be used to cany data 
corresponding to the same time stamp. 

5, S.2.3.4 Qrrtw^nff nata Based on Time StamPS 

In one embodiment, messenger module 90 may be in data trananission chamber 88, 
iUustrated m FIG. 6, and, therefore, be capable of receiving data from messenger module 
transmitteiAeceiver92foronlyaparticularperiodoftime. Hius, messenger module 90 receives 
only a particular rangp 220 of data and time stamps 218. When the data is received at the 

10 surface.timestaraps218areusedtoieoonstructthcdatainitsoiiginalfomiifromseverf 

messeng«: modules. 

In various embodiments the data may also inchjde error detection and correcting codes 
222, as shovra in HG. 22. Such codes include parity bits, check sums, error correcting codes, or 
others. Alternatively, and especiaUy where there are gaps in the data received on the surfece, or 
15 where messengpr modules arrive at the surface without a time stamp, the original data stream may 
be reconstracted using patterns within the data itself, as shown in FIG. 23. There, data stream 
212 comprises data stream segments 214 and 216 and time stamps 218. Messenger module A 
carries dataset 224, messenger Module B carries dataset 226. messenger Module C carries 
dataset 228 that includes time stamp 218. Datasets 224 and 226 overiap. as do datasets 226 and 
20 228. At the surface, the patterns between the data are matched, as shown in HG. 23, to 

reconstiuctthedata. Data streams 224, 226, and 228 are shown in FIG. 23 to have only a few 
bits. It will be understood that pieferably each messenger module will carry substantiaUy more 
data. Further, FIG. 23 also shows an overlap of only three bits between each data segment In 
specificappUcatioiis,lheoveilapsmaybelaiger,makingthepattemiiiate^ Itwillbe 
25 appreciated that specific encoding and processing techniques should be selected based 0^ 

specifics ofihe particular ipplicatioa 
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I 

S.2A Reader for Receivmg Data fom Messenger }\Anchi\f^^ 

As described above, once data is encoded and transported, a messenger module reader 
receives the messenger modules. A suitable reader may be implemented as a single device, or 
may comprise messenger module processing device 72 and a data processing device 74. In one 
embodiment, messenger module processii^ device 72 extracts data from the messenger modules 
and provides the data to data processing device 74. Messenger module processing device 72 
may extract data from a messenger module, for instance, by optical, acoustic or radio 
transmissions without breaking the housmg of &e messenger module. In alternative embodiments 
a messenger module processing device may Ixeak the housing of the module. 

In accordance vath tiiis invention, tiie messenger module reader is similar to the messenger 
module progranmer shown in FIG. 7, and typically may have a generator and a receiver for 
generating and receiving electromagnetic fields, a demodulator coupled to the receiver, and a 
memory coupled to the demodulator for storing the ctemodulated data. It is noted that the 
electromagnetic field may be generated either continuously, periodically or in some time-defined 
manner. 

As shown in Fig. 7, the messenger module transmittex/ieceiver 92 includes a data 
coUectfon controller 98, whidi coordinates with a data collector 100 that may be any kind of tool, 
such as an acoustic logging tool or a resistivity tool. The data collection controller 98 coordinates 
the storage of data by the data collector 100 in memory 102. Alternatively, the messenger module 
transmittei/receiver 92 may provide a data poit through which the data collector 100 can directly 
manage the storage of data into memoty 102. 

Once the collected data is stored in memory 102, a transmittei/receiver 104 causes the 
data to be read out of tfie memory and to be transmitted via a transducer 1 06. The transducer 
1 06 can be an antenna, a photoelectric device, such as a laser, an acoustic device, or any other 
device or combination ofdevic^ for transmitting data into die data transmission chamber The 
data stream transnitted by die transmittei/receiver 104 may include time stanq)s, whidi are 
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inseilBd under the.conlrol of the data coUection controner 98 via line 112 to memory 102. 

Jn flie illustrated onbodiment, a power supply 108 provides power to &e 
toansmitteEteceiver 104, which is transmitted into the data transmisaon chamber 88, via 
transducer 106. The transnuttei/receiver 104 transmits sufficient power, in some instances, for fee 
5 messoiger modules traveling throu^ the data transrnissionchaiiiber to power their onboa^ 

circuitiy. The transmitteiAeceiver 104 is also capable of receiving data. Such data m^, for 
example, be used to reprogram the processing sequence in the data collection controBer 98 or the 
data collector 100, altawing surface personnel to dynamically change the operation of downhole 
took Datamaybetiansimttedfiomthetransmitter/receiverl04tolhedatacoUectiOT 
10 98 via data bus 110. The transition of die transmittet^tecovw 104 between its transmitting and its 
receiving fonction is contioUed by the data collection controller 98 using signal 1 14. Alternatively, 
the data bus 1 10 may connect diiecUy to die data coUector 100, thereby aUowing programming of 
the data coUector from the surface, and the transition between transmitter and receiver states via 
signal 1 12 could be accomplished by die data collector 100. 
15 The messenger module reader in one embodiment may include a data stream 

reoonstraction device, configured to reconstnict die data stream from segments of die data stream 
stored in die memory ofthe messenger modules. This may be accomplished by the use of time 
stamps 218, as discussed above and shown in HG. 21. Data stream 212 comprises segments of 
data 214 and 216 vridi time stamps 218 embedded in die segments. Time stamps 218 may be 
20 regulaiiydistrflwted or iriegulariy distributed dBough die data prior to tra 

transmission chamber. The time stanaps may inchide die actual time of day diat Ac data is being 
transmitted, die time of day fliat die data was coUected, or some odier meaningfiil time, or they 
may be sequential numbers, such as "1," "2." and so on. As still anodier altemative, die time 
stamps may be any decodable agnature. 

25 

5.2.5 pa^a Tnt^gritv Check 
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A data integtily monitoring device in accent 
saeen messenger modules with physical defects or memoiy eirors fiom the messenger modules 
with no such defects or errors. The device may comprise one or more messenger modules each 
havmg a memoiy, a messenger module programmer for loading data into the messenger modules, 
a device for detecting defective modules or memoiy enors, and a messenger module release 
device for releasing such messenger modules into a recovery area, separate and apart fiom the 
other messenger modules, when the detection device detects a problem. The messenger module 
programmer, as before, may load data mto the messenger module memoiy through an 
electratnagnetic, optical or other type of connection. 

hi the event of a failure, a messenger module is advantageously programmed to provide a 
"dump" of its infonnation upon triggering. Alternatively, a last batch of diagnostic or other 
information is sent to stave ofFcompiomisingthe communication fonction to fl>e extent possible. 
With infoimation of the state of the Mure experiencing messenger module, it may be possible to 
take corrective measures and troubleshoot the problem. 



IS 



5.2.6 Ttttt^ nf Messqi rr r M~<,.iPs with thf^ Aid of a Fluid Flow 
As described below, it should be apparent flat die principles of this invention can be 
appUed not only to oil well appUcations. but also to any application with a natural or artificiaUy 
createdfluidflowcapableofphysicallycanyingthemessengermodules. Messenger modules can 
20 oftenbesan^ledmanyoiderlatertoobtaminfomiationcontainedtherem. For example, it is 
envisioned that die principles underlying this invention are applicable for data transport between 
different points inapipe.e.g..apipelke, as weU as for commumcationwilhina«^ 
pipes, within a hydrocarbon processing plant, a water processing plant, a micle^ 
water distribution system, waterways, such as rivers, streams, harbors, ocean currents and floor 
25 sediment, hydrothemial springs, winds and combmations hereof to take advantage of various fluid 
flow systems for communicating data, or others. 
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In a prefened embodimfint of ttie invention, flie mud flow in an oil well or borehole e.g., 
as illustrated in FIG. l, provides means for traisp<Hting modules firamtte drilling Ino^ 
surfece and back. Hius, messenger modules are circulated from flie surfece to the tool or tools in 
the borehole where data may be stored on the modules by the tool(s). The modules are then 
5 circulated back to the surfece, where the data may be retrieved. Alternatively, data may be stored 
on the messenger module at the surface and flien drculated to flie tools in flie bordiole, whrae flie 
data is retrieved. Still further, data may be stored on the messenger module at one location in die 
bordiole and circulated to a second tocation in flie borehole v/hem flie data may be retrieved 
Morcovw, flK messenger modules may include sensors for direcfly coUecting data in flje borehole. 
10 It wiU be undKStoodfliat flie invention is usefijl not oiity in oUweB applications, but m^ 

also be usefiil in any s?)plication where data is to be tnuisported from one location to anoflier, and 
where flrae is a circulation system between flie locations, inchiding situations vsdiere bofli locations 
are above ground. 

A very different example of flie use of flie principles of fliis invention is flie investigatirai of 
15 faihires or sabotages of conq)lex systems, such as an aircraft The need for data from an aircraft in 
flie event of a Mure provides an ilhistrative appBcatim of flie teachings of flie invention in flie 
context of combination of various fluid flow systems wifli delayed sampling of die messenger 
modules. 

Presenfly, a "black box," usualfy painted orange for ease in recovery operations, records 
20 all communications and data from various aircraft systenas and sensors. This black box contains a 
tape loop, semiconductor memcwy or oflier recording media for saving syston mformation of 
interest Often recovering flie black box, following a crash, is an expensive undertaking. In 
adiUtion or in flie ahemative to flie blade box messenger modules can act as media for recording 
system data of interest Smce any particular messenger module m^ be reused, it is posable to 
25 systematically reuse messenger modules so as to retain only tfie most recwit data of interest 

In response to an predefined event, in accordance wifli flie invention, messenger modules 
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canjdng aU or part of the data, wifli redundancy buflt in. can be released for recovery later by 
san^ling air, water, and soU samples at or around sites of interest (see below for details in die 
context of boreholes). Hie release of such modules can be in response to mechanical 
perturbations exceeding preset thresholds, e.g., as in flie case of inflation of air-bags in 
automobfles, or periodic releases. Each messenger module inchides identifier information, such as 
nrfoimation about die fli^t, a time stamp, and information suflBcient to combine data retrieved fiom 
more than one messenger module. Since, die same data may be encoded in several messenger 
modules, diis redundancy protects against destrucdon or corruption of any particular messenger 
module. The released messenger modules are transported by fluid flow, such as due to air, water, 
mud and ttie like with some of them recovered for subsequent analysis. Thus, even if the black 
box is not found or is too damaged, sufficient number of messenger modules corresponding to 
various time points are likely to be recovered from land, water, sediments and the like in a manner 
akin to processing messenger modules in a borehole described next 

5.2.6.1 l^ecnveiv of Messen^ Mod ules from Mud in a Borehole 
The handling of messengw modules in the course of communicating data is iUustraled in the 
context of die preferred embodiment of the inventioa As noted previously, the scope of the 
invention is not limited to oU weUs or any to boreholes. Turning to FIG. 3, a block diagram 
depicts the path of messenger modules from above the surface to below the surface and back to 
die surface in a borehole. Mud returns fiom the borehole annulus via mud return line 40. Mud 
screen 42 then separates waste and messenger modules suspended in the mud, and returns the 
mud to the drill string. The waste and messenger modules separated by mud soeen 42 proceed 
to messenger module recovery device 70. 

Messenger module recovery device 70 further separates messenger modules, for mstance, 
widi one more mud screens. In an altraiative embodiment of the invention, messengar modules 
are sufficiendy buoyant to be separated fiom the waste and mud upon settling. Messenger 

-34- 



wo 03/096073 PCT/US03/14496 
modules are ftien retrieved using a skiinmer or some other device to extract them fiom the suifece. 
An alternative method uses magnetic separation for messenger module having one or more 
magnets embedded or attached thercm. Such magnets may be in tfie housing or a layer in the 
housmg and the like. In yet another embodiment of the invention, mud containing messenger 
.5 modules passes through a series ofscreens, each successive screen having a sm^ 

previous screen, until the messenger modules substantially separate fiom the o&er materials. 
These alternatives are ilhistrative and should not be interpreted to be limiting on the scope of the 
invention. 

10 S.2.6.2 Transport of M essenger Modules bv Mud Flow in a Borehole 

FIG. 4 depicts the interaction of messenger modules with LWD tools. As shown, below 

I 

the surface the mud flows down the mud channel in drill string 26 and exits ftiou^ ports in drill bit 
34. Some of die mud, including some or all of the messenger modules, is diverted ftrou^ ports 
78 and 80 in LWD tools 30 and 32. 

1 5 In embodiments of die invention lacking ports 78 and 80, flie messenger modules circulate 

fluough drill bit 34 after being programmed by LWD tools 30 and 32, and dien return to die 
surfece. Although some offlie messenger inodulesvwU be destroyed by the drill bit 34, Ae 
messenger modules fliat return to die surfece will cany data to die surfece, inchiding data collected 
by sensors placed in the messenger modules. 

20 Messenger modules Aat are not diverted through ports 78 and 80 exit drill string 26 

tiirou^ die drill bit 34. Since many messenger modules may be destroyed in diis unforgiving 
environment, tfiey arc designed to be inexpenrive, so fliat a large number can be tept circulating 
dirough die mud system to condensate for die destruction of some of die modules by redundancy. 
Redundant information (required to account for die likely loss of a certain percentage of die 

25 memory modules as described above) is discarded resulting in consistent and unmtemqrted data 
transmissiorL 
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HG. 5 is a cross-sectional view of LWD tool 30 having screen 82 extend^ 
mud channel at an angle. The mesh size of screen 82 is smaB enough to captme some niessengw 
modules, for example, within a range of orientations. Ihe messenger modules &at escape screen 
82 are available for programming by subsequent tools finther down the drill string. The share of 
5 messenger modules trapped by screen 82 m^ be adjusted by changmg die mesh aze or the 

pattern of die mesh. 

In alternative embodiments of the invention, differendy sized messenger modules allow a 
screen to capture the largest aze messenger modules with smaller messenger modules escaping to 
tools finther down the drill string. A second screen in a tool further down fliedriU string captures 
10 smanermessengwuMdules, and, optionally even smaller messenger modules escaping down ihe 

drill string. 

Thus, as shown in HG. 6, screen 82 and diverter 84 cause messenger modules to enter 
data transmission chamber 88, and ten exit tool 30 through port 78. Diverter 84 and data 
transmission chamber are configured such that the mud flows flBough the data transmission 

15 diamber. Messenger module 90 has a sh^e, such as an ellipse, such fliat Ae flow causes 
messenger module 90 to preferentiaUy assume an orientation w*ile flowing througji data 
transmission chamber 88. The orientation is chosen to maximize the efficiency of flie transmission 
of data to and flom messenger module 90. 

20 5.2.7 AHHitinnal ATm lirf tinns of MessengCT Modules 

52.7.1 Pfffrllir? Mfllfiinctioning Tools 
In some embodiments, messenger module 90 can also be usedio recover data firom 
stranded tool 242, as illustrated in HG. 28. Upon becoming stuck m the borehole, as shown in 
FIG. 28, tool 242 communicates its need to return to the surfiice via one or more messenger 
25 modules 90. Tool 242 flien releases messenger modules 90 that are carried to tire surfiice eifliw 
in a circulatory system or by tfieir own buoyancy in file fluids in tiie borehole. Preferably, swne «* 
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messenger modules are kept in a vessel within tool 242. llie vessel is optionally kept at 
atmospheric pressure until it is necessary to release messenger module 90. 



S.2.7.2 1>^^Hfinp ToTTlff " " Borehole 

i various tools and sensois in aboiefaole to 



communicate. Thus, it is possible to changp the operation of a first tool in response to the 
resistance or other property sensed by a sensor or second tool or even the Mure of a third tool 
This automated response is programmable for various terrains due to the additional flexftility 
jHOvided by messenger modules in intw-ftwl comraunications. 
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5.2.7.3 nytainin p Dafa » tn Rvahiate Cf fafftrnptiic Failures 
As described previously in the context of aircraft feihires resulting in crashes, using 
messenger modules to provide a media for recording information of interest, similar fliat m a black 
box, results in a composite record that can be locaBy dispersed away from the Mure site. The 
15 site may be compromised by the mechanical disniption and destmctive conditions, such as fiie, oil 
leaks, radiation, high niagnetic fields, and die like. Such dispersed messenger modules may be 
obtained by coUecting soil, sediment, water, and mud samples for processing in manner analogous 
to a borehole. Since the messenger modules are redundant, the destmction of a few modules is 
tolerable. Even in chaDengingtenains the sealed messenger modules wiU hold their infomiation 
20 asfeepingorpowereddownmodeuntilsampled. Moreover, even ifthe black box is difficult to 
locate, ordamaged.somemessengermodules are fermorelikelytobe recovered Inaltemate 
embodiments, die modules may be incorporated into stractural components of die plane or 
vdttcle, which components can be recovered witii relative ease. 

25 52.1.4 Time Stamns % M'l1?r"'^ 

The time stamps canted by messenger modules enable yet anoflier application - bofli in 
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the borehole and in other settings, sudi as rivws. oceans and the like. Since many similar 
messenger modules cany the same data and time stampfindex number when released, detecting 
the fiaction that anives at a destination point, e.g.. the reader, provides an estimate of fluid flow 
propettiesbetweenthereleasepomttiieandthedestinatioa In addition, the messenger modules 
5 can obtam infonnation about mtermediate conations, c.g. , in a messenger module designed to 
obtain power by fce vitiations received by it in a bore hole, the amount of energy haive^ 
estimate of the irregular vibration^abulence prone flow that it enoounteis. Even the particular 
fiequencies of vibrations can be detected since micro-machined cantilevers, prepared by eitiier 
standardUihogtaphytcchniquesorofliermethods,haveDaturalresonance. Such measurements 
1 0 would both provide valuable mechanical data on an ongoing basis, and also lead to messenger 
modules that can receive most, if not all, of their power requiremeiils ftomtheir surroundings while 

perfonning additional ta^. 

It wiB be appreciated that the various features described herein may be used singly or in 
any combination thereof Thus, the present invention is not limited to only the embodiments 
1 5 specifically described hereia While die foregoing description and drawings represent a preferred 
embodiment of the present invention, it wiU be understood that vmous additions, 
and substitutions may be made therein without departing fiom the spirit and scope of the present 
inventionasdefinedintheaccompanyingclaims. h particular, it will be clear to those skifled in the 
art that the present invention may be embodied in odier specific fonns. stmctures, and 
20 arnngements.andwithotherclements,andcomponents,withoutdepartingfto^ 

essential charaderisticsthereof One skilled in the art wiU appreciate that the invention may be 
used with many modifications of structure, anangement, and components and otherwise, used in 
the practice of the invention, which are particularly adapted to specific environments and operathre 
requirements without dqarting fiom the principles of file present inventi^ Thepresentiy 
25 disclosed embodiment is therefore to be considered in aU respects as iflustiative and n^ 
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tlK scape Of the inventioa being indicated by tte 

descriptioa 
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What is claimed is : 

1 . A mediod far data transmis^on in a boiehole conq>rising: 

collecting data regarding properties of at least one material; 

iitparting collected data for storage into a plurality of messenger modules within the 
5 bordiole, the messen^r modules being transported via a fluid flow fiom a first location to a 
second location; 

collecting transported messenger modules; 

retrieving data stored in the collected messenger modules; and 

processing the retrieved data. 
10 2. The method ofclaiml, wherein fliestqpofcollecting data is perfonned 

using a logging tool 

3. The method of claim 2, vAerein the logging tool is one or more of: neutron, 
density, sonic, resistivity or nuclear magnetic resonance (NMR) logging tool, acoustic imaging tool, 

dnectional sensors, mechanical tools, mdustrial tools. 
15 4^ The method ofclaim 2 fiirflierinchiding the step of drilling t^^ 

5 The method of claim 1 wherem the step of inq>arting comprises one or more of: 
electromagnetic, optical or acoustical data transmission to at least one messenger module in 

ttie plurality of messenger modules. 

6. The method ofclahnl, wherein at least one messenger module has a memory 

20 for storing data. 

7 . The method of claim 6, wherein flie at least one messenger module furflier 
comprises a transducer for receiving data fiom an external data source for storage in tiie 
memory. 

8. The mefliod of claim 7, wterein flie transducer is capable of recdving data fixnn 
25 one or more of: an electromagnetic, an optical, an acoustic data source, and a radiation source, 
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9. The method of (ton 7, wheran the at least one messengCTmoMef^^ 

in a boidiole 



cnnprises a houang conngured to 
environment, the messenger module having physical dimensions enablmg the messengpr module to 
be earned in a fluid flow within the borehole. 
5 10. Hie method of daim 1 fiiither including imparting a signal for powering an oa- 

board dectronic circuit in at least <Hie of the plurality of messenger modules. 

11. The method ofclaiml, wherein the fluid flow is an artifidally created fluid flow. 

12. The method of claim 1. wherein the step of retrieving data stored in the coUected 
messengpr modules comprises transmittmg data stored at the messenger moduleto 

10 flie detected receiver in response to detecting presence ofa data receiver. 

13. The method of claim 1 furflier compriang the step of imparting to at least 
one messenger module at least one programming instmction for modifying operation of a 
downhole tool foUowed by releasing the at least one messengpr module in the fluid flow to cany 

the at least one messenger module into vidnity of the tool 
j5 14, The meflK)dofclaim 13 fuiflier comprising die steps of receivmg the released 

atleastonemessengermoduleatthetool. andprogiammingthetoqlin accordance with 

the at least one instmction retrieved fiom the at least one messenger module. 

15. A method for operating one or more tools deployed in a borehole, 
comprising: 

20 providing a sequence ofinstnictions concerning a desired operation ofa tool in the 

borehole; 

imparting the generated sequence ofinstrucdons for stoiagp into one or more messenger • 
modules, the messenger modules having dimensions enabling them to be carried in a fluid flow 
yyjrtiin Ae bordiole; 

25 rcleasingflieoneormoremessengermoddesvwthstoiedinstnK*ionsinafluidflowwidim 
the borehole, the path of the fluid flow carrying such messengw modules near the tod; 
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t 

letriemg messeDg^ modules released in the fluid flow at ibe tool; 
extracting tiie generated sequence of instructions ftom one or more messenger modules 
retrieved at the tool; and 

programming the operation of the tool to conform with the provided sequence of 

5 instructions. 

16. A metiiod fcr gathering data regarding material(s> inside or surrounding a 
borehole comprising: 

providing a phnality of messenger modules having dimensions enabling them to be canied 
in a fluid flow wiftiin the bcxehol^ 
10 gathering data concemmg properties of the fomiation using one or more sensors located in 

a messenger module, and storing the gathered data in flie messenger module; 

I 

collecting one or more messenger modules widi stored data in fee fluid flow witiiin the 
borehole; 

retrieving data stored in fee collected messenger modules; and 
15 processing fee retrieved data to determine properties of fee geologic fomiation 

surrounding the borehole. 

17. A data transmission system, comprising: 

a plurality of messenger modules for storing data, fee messenger modules having 
phyacal dimensions enabUng feera to be carried in a fluid flow; and 
20 at least one reader i^nsive to a member of fee set consisting of electromagnetic signal 

or acoustic signal, positioned m a pred^ermined fluid flow pafe, fee reader configured to receive 
data stored in a messenger module feat is carried by fee fluid flow near fee reader. 

18. A messenger module having a pharality of circuits for use in a data 
transmission system assisted by a fluid flow, fee messenger module comprising: 

25 a memory for storing data; 

* a receiver for receiving data fiom an extanal source; 
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a transmitter for pioviding data to an external sink; 
a housing; and 

at least one sensor for detecting the external sink. 

19, The messenger module of claim 18 further comprising: at least one clock 
5 20. The messenger module ofclaim 19 further comprisfaig: a second c 

slower clock fiom the second clock and the at least one clock is operational "^fbsa the 

messenger modules is in a sleep state. 

2 1 . The messengar module of claim 1 8 further comprismg a no clock mode of 

op^tioa 

10 22. The messengCT module ofclaim 18 fiiither comprising: at least one power 

storage device. 

23. The messenger module of claim 22 further comprising: a power generator, 
coupled to the at least one power storage device for converting one member of the set consisting 
of extemal vibrations, Aermal energy, and optical energy, into power for driving at least one circuit 

15 fiom die phjrality of circuits. 

24. The messenger module of claim 18 wherein furthermore the housing has a 

lazgest dimension not exceeding S.O cnt 

25. The messenger module of clami 18 wherein fiirtiiermore the volume of 4ie 

messenger modules does not exceed 1.0 ml. 
20 26, The messenger moddeofclaim 18 having fiirthennoie a disc-like shap^ 

suitable for tran^KSrt by the fluid flow. 

27. The messenger module of claim 18 having fiirthOTnore a cig3r-like shape 
suitable for transport by the fluid flow. 

28. The messenger module of claim 18 wherein furthenmore the memory hichides at 

25 least 1.0 megabytes. 
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29. Hie messenger module of claim 18 fiiiflier oMnprismg a bi-Ioop antenna for noa- 

siniisoidal transmission of data. 

30. The messenger module of claim 18 herein furthermore the receiver receives data 

from ano&er messenger module. 
5 3 1 . Tte messenger module of claim 30 i«4ieirin fiirthemiore the memoiy has 

computer executable instmcdolis for carrying out flie steps of a method for forming an ad-hoc 

netwodc with the another messenger module. 

32. Themessengermodule of claim 31 furflia: comprising a processor for executing 

at least one of die computer executable instructions. 
10 33. A system for transmission of data in a borehole comprising: 

a phjiality of messenger modules storing data, the modules having physical dimensions 
enabling fhem to be carried in a fluid flo^, 

a data transmission device receivmg fluid from the fluid flow, Ae device capable of loading 
data to messenger modules located in its vicinitjr, 
1 5 a receiver collecting data stored in messenger modules and transmitting the collected data 

for processing. 

34. A system for transmission of data in a borehole comprising: 

a phirality of messenger modules storing data, the modules having physical dimensions 
enabling them to be carried in a fluid flow; 
20 a data tiansmisaon device receiving fluid fiom the fluid flow, the device capable of loading- 

data to messenger modules located in its vicinilj^ 

a receiver collecting data stored in messenger modules and transmittmg flie coflected data 
for processing. 

35. A method for data transmission fi?om a logging tool m a borehole, 
25 comprising: 

collecting data regarding properties of a material inside or surrounding the borehole; 
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providing an indication of at least one of. flie position of the tool in the borehole and the 
opaalion of the logging tool; 

detecting a tool emergency based on the provided indication; 
nrparting collected data for storage into one or more messenger modules having 
.5 dimensions en^ling them to be carried in a fluid flow and rdeasing the 

modules in a fluid flow of flie borehole; 

collecting one or more messenger modules having stored data in the fluid flow, 
retrieving data stored m one or noore collected messenger modules; and 
processing the retrieved data to determine at least one of: properties of materials inside or 
10 surrounding the borehole and infonnation about flie tool raiergency. 
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